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(54) Composition containing . polymer and conductive filler and us* thereof 



(57) A composition containing a polymeric matrix 
and a conductive filler component is provided. The con- 
ductive filler component comprises conductive particles 
and a polymer selected from the group consisting of sub- 
stituted and unsubstituted polyanilines. substituted and 
unsubstituted polyparaphenylenevinylenes, substituted 
and unsubstituted polythiophenes, substituted and 
unsubstituted polyazines, substituted and unsubstituted 
polyparaphenyienes, substituted and unsubstituted 
polyfuranes, substituted and unsubstituted polypyrroles 
substituted and unsubstituted polyselenophene, substi- 
tuted and unsubstituted poly-p-phenylene sulfides and 
substituted and unsubstituted polyacetylenes, and mix- 
tures thereof, and copolymers thereof. 

Compositions of the present invention are useful as 
corrosion protecting layers for metal substrates, for elec- 
trostatic discharge protection, electromagnetic interfer- 
ence shielding, and as adhesives for interconnect 
technology as alternatives to solder interconnections. 

In addition, films of polyanilines are useful as corro- 
sion protecting layers with or without the conductive 
metal particles. 
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Description 

Technical Field 
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Background of Invention 
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are susceptible to the presence of pollutants, notably chlorides and sulphur pass.vat.on. Both metals 

35 carts in^PrZT ° f hUmid ? F ! 0,,UtamS ^ appSed ,ieH < ncrt an u ™°mmon situation for the electronic 

costs and pose potenfcal environmental concerns, due to the chemical make-up of the electroplating baths. 
Summary of Invention 

" ^ ,S Se ' ected from «» 9roup conasing of polyparapherrylenevinylenes. polyanilines polyazines oolvthi 
Sd mSuST P ^ e H e PdytU,aneS - P0,yPyrro,es - PO'^enophie, paiSK^^SSS 

rt^ 

rererrea to hereinafter as conducting" or "conductive" polymers 

tectta la^°L ft m ?^t^ nfi l n ,he USe * 1,16 *«• disc,osed compositions, as corrosion pro- 
STnto Zer^^T^JlTT 'if 1 " 06 pr0teCtion ' eiectromagnetic interference shielding and a" 
es,ves tor interconnecbons as alternates to solder .nterconnection& The present invention provides for a simple 
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Summary of Drawing 

Figure 1 provides poterrtodynamic polarization curves for copper coated with different materials. 
Best and Various Modes For Carrying Out Invention 
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^rS^ 6 , 8 ? t** W l hly C0 ^ UCti " 9 form - 1> ' e conductivi * <* »» P°'yaniline can range from 10-iOohm-ian-i 
(charactenst.c of the base and non-doped form) to about 103ohm-icm-i upon full doping 

The ring substituted polyaniline. and in particular, the ortho-ethoxy derivatives, and ortho propyl derivatives exhibit 
appreciably greater solubility than the unsubstituted ones aenvaxives exnioit 

acd^Tlff^T^ 6 ^ SB ! Cm 0,polyaniline is ^ublein various organic solvents, andinvarious aqueous 
ov^ollS n^NMP^ rl° r9aniC S ?^ ntS , are dimethyl-sulfoxide (DMSO). dimthylformamide (DMF) and N-methyl- 
%Z££Z2Z££r£ -s exemplary only and not limiting. Examples of aqueous acid solutions is 80% acetic ac-d. 
and 60-88% formic acid. This list is exemplary only and not limiting 

metrXSS^^ *° ^ * h *** - «"~* « 

Preferred polyaniline compounds in the present invention are ethoxy derivatives, represented by the following: 
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*nm?Z « ♦ ?° 6 m thB non<(oped form <*»«»> «" ^ readily dissolved to a 10% by weight solution 
n NMR and spun at various rpms to form films of different thicknesses (184,339 and 477 nm resoectivel F i\Z Z 
this polymer are very homogenous and well adherent. Even the thinned film behavVs as a oerfS SZ to 2ZnT* 

tnl „ » ^ "dependent of Mm th.ckness, type of metal (copper, silver and platinum) and ambient atmosphere (air 

iTSSTa^T^^JT^T^ 10 ^ U,3r 31 hi9h P ° ten,ia,S - Wh6re 00 *«**" («« ^er disso- 
lutionj is about 4 orders of magnitude lower than measured on unprotected metals 

ontneorderof 10 2ohm icm i. l«scorrosionprotection.samilartothatofferedbynon^c»ede1hoxy^vaniline exceot 

the °i ygen reduction rate ' * p ™ % as ,he ^ is -nST^TSiSS 

electrons needed for oxygen reduction. The protection of the film is excellent, especially at anodic Dotentfate 
Examples of another substituted polyaniline is ortho-propyl polyaniline. potentate. 
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...h^Sh ^ J, ferab ' y a,k0Xy P 0 ^"" 1 ^. such as ethoxy substituted po.yaniline S as 

such, both ,n the non^opedlesscorxluctingfornnandthedopedrTrareconductingform 

layer on a metal substrate. The polyani.ines are preferably employed in their 00^^^ ^ P 9 
Examples of suitable polythiophenes are represented by the following formula: 
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wherein each R2 is H or any organic or inorganic radical; wherein t * 1 and preferably wherein at least one R* is not H 
Polyparapheny^enev.ny.enes useful to practice the present invention ha^ general foZa ^^fSE or 
any orgamc or morgan* radical, and wherein s * 1 . Each R3 can be the same or differed 
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radiS' neS USefU ' t0 PfaCtiCe Pr6Sent inVen1i0n h3Ve 9eneral farmula wherein R1 ° * H 



or an organic or inorganic 
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Polyselenophene useful to practice the present invention have general formula wherein v * i and «rh rs i u 
organic or inorganic radical and wherein each R6 can be the same of dErrt " ^ 
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matrix. In the alternative, the above conducting polymer and conductive particles can be separately admixed vSi me 
polymenc matrix. The blending can be carried out by dispersion or more pTeferably. by solutiSSing 

a JTTJ he ^ edrf ' n ^ C0 ^ lower 
amounts of conductive particles are needed to obtain a given conductivity. c nw.x. lower 

0 1 ^T^TrlT^T ™ du <f e P^cles, tMe C ° ndUCtin9 P° ,yrner is a^nerally used to provide coatings about 
0.1 to about 5 microns thick, and preferably about 0.15 to about 2.5 microns thick 
The particles can be solution coated. 

m3 tp?l P ?H ymerit ; ma i riX e , mPl0yed ' PU ' SUant t0 the 1X656,11 invention ' <*" be the ™oset » thermoplastic polymeric 
matenals^The preferred polymers are the polyepoxides. polyacrylates. polymethacrylates. polysiloxanes anVoZm 
^ such as the poly,rnide siloxanes. polyureihanes. pdyolefins. and poUdes. MixturS o 7p%2i at Sfl 
copolymers can be employed when desired. t**yn*a* as weii as 

condlSin^T 5 ^ 0 " ? ^.^P 0 '*™- the inducting polymer and the conducting particles is as follows- The 
conducting polymer is^cally employed Amounts* 0.3 to about 90. and preferably abou^ 
and most preferably about 1 to about 10% by weight based upon the total weight of the polymeric Six ^ 
The amount of conducting particles is typically about 40% to about 95% by weight, preferably about 75 to about 

♦w J?* co '^ 0 f ic ™ of t he P resent Mention when used as a corrosion prevention layer are typically employed at 
SyTp^sfver t0 *°" ^ ^ about1000 * to *out 5000 A. The J£Z!£gg£ 

re^emeTSer ffiSiT^ " * « ' * Wfth « —* 88 • 

« c,,^ f " iP0Si,i0 ? S ° f . the Pr6Sent inventi0n ar6 USeful 35 electromagnetic interference (EMI) coatings on a dielectric 
^ Il^'f: e 6Ctn f com P°"ents « fr^ently contained within dielectric housings. su^a 2££ 
^ ^ ^ ^ ^ SUSCept,bi,ity * the el «*°™o components contained within the h^ng to 
elec^magnetc rad.at.on. me d.e.ectric housing can be coated with the conditions of the present invention ° 
The following non-l.mit.ng examples are presented to further illustrate the present invention: 

30 Example 1 - Preparation of Polyanilines 

h V Hr^lr niline i, UnSUbStitU,ed) Pr6pared by th6 Chemical oxidative Polymerization of aniline in aqueous/1 normal 
from^lT US ' n9 T2™ PerSUlfat6 35 ^ ^ « nd « fin " P°^ niline hydrochloride Zl 
35 SSS! Th 'i TJf ^ r C u 33 " iS t0 1,16 P° lyani,ine base fo ™ Conducting) by reacting with 0 1 M 

d^ve ' ^ nebaS6ranthOTbe ^ 

stih^Vn^ rtU,ed P° lya " iline derivatives were prepared by the oxidative polymerization of the appropriate rino-sub- 

ZtSSZS TIT a ' 0nS HneS ° f the m6th0d dSSCribed - For »• ethoxy-substi Jed^olyanr e tas 

« Sedasde^^ 

™ ec ° nd ^ in 9ethoxypolyan^ 

of L^^ 6 ', het « r °9f neous, y w ith 1 normal aqueous toluenesulfonic acid, ft ^180 be pre^ by reSg a S^on 
of ethoxy-polyanihne base in NMP or gamma-butyrolactone with toluenesulfonic acid 

« of ijJSlS'iS?!^" 6 ° a l be p0lymeri26d in *• P rese ™ of aqueous 1 normal toluene sulfonic acid instead 
« of hydrochloric aad to yield the conducting ethoxy polyaniline tosylate 

weight %1oEs yaniline ^ diSS0 ' Ved ^ NMP B"**^ « ^mma-butyrolactone to prepare 6 
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Example 2 - Preparation of Coated Silver Particles 

L £ E !t! 0Xy P °' yaniline tosy,ate so,ution P re P ared in Example 1 was added to the silver particles. The particles were 
stirred in the conducting solution. The particles were then filtered and dried under vacuum 

Example 3 - Preparation of Conductive Composition 

mJ^SSS^ bY C ° mbinin9 P ° lyaniline 00316(1 silver ^ of Exam P |e 2 with the host polymer, 
such as polymethylmethacrylate in an appropriate solvent system, such as xylene. The solvent is chosen so as not to 
dssofve the polyan.l,ne. The materials are blended by a dspersion technque or high shear Sq 
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Example 4 - Blending of a Host Polymer and Polyaniline and Metal Fillers 

^J^n^lST' " f rit ? la [' P 0 '^™^^ i" gamma-butrolactone was added a gamma-butrolactone 
JSS^ P0,yan,,,ne T t . 0Sylate - 17,6 *"° polymers mixed we "- T ° *• Po'^er blend solution were added silv* 
partcles. by disperse mmng. The resulting mixture was used to spin-coat conducting coatings. The mixture can , alS 
be processed by conventional means to fabricate conducting films or oo™^.^,.*,!?^^!^ 

Example 5 



10 descri^s n fc^ eaSUred ln C ° mplementary wa *s- The first water drop test 1 uses an electrochemical technique 
Evaluation of the corrosion rate by electrochemical techniques isdirect and precise, but not readily applicable to condi- 

E^TETS T 0a ^ iR 3 miniatUre C6lL that — desi 9 ned in » ««Pt to bndgeX 

,5 22 lit? ****** the challe "9 es P«~"W by corrosion reactions under a thinner of an elec 

42 K ^ ^ 3 P W3ter 35 ^ eleCtr ° lyte ' 35 deSCnbed by BrUSiC " 61 a '- J El ^hL Soc. S 

rco,,^^^ S ^° f1he SamP ' e °^ WnB 6,eC,r0de) ^^^P'^ng tape to exposeao.aacrr^ area. Rmesh 

T ^ 3 merCU ^, US SU " ate e ' eCtrode (referenCe elec,rodt * "» a P^r disk separating e£h 

iacf ' * ^ 35 ^ ,0WS: ^ meta " iC With 0r M P*""*» coatiTg. was placed on* smaH 

5 a r n 3, a ti9hBy ,itted ,ilter W *" d « M Pt mesh, was maneuvered into a cent™ 

■ e STL ? P0S ' ,,0n ! d 9 ri9id ' y h6ld BeGkmann fittin 9- inner diame *er of the fitting was 8 mm 

Ke large enough to easily expose the entire working area that has a diameter of 6.4 mm. The sample was then raised 

reTent^* 3 T 'ZT™ ^ *** ^ SeCOnd f i,ter disk «" an E PP^ pKT.SE 
to smaTdS- K^f '"TTS me ^ USin9 the fitti " 9 38 a A dr °P'« size was 20 Ml. Due 
to small distances between the electrodes, the ohmic resistance in the cell was relatively smaH even with elec trolvtes 
such as M and triple^lled water. As the ohmic resistance of the cel. was only ^ Z Z EfjT.22 
of measurement insignificant errors in the evaluation of corrosion rates are introduced The procedure^ to 

^^^SSiSS^S^ ^ 1 C ° rrOSi0n fate W3S Ca ' CU,ated "*» the 352 SoftCorr II 

y^^^ri^??? 56 6 P 016 "^^ 3 " 110 Polarisation curve was then measured at a rate 

J C °1 the C ° rrOSIOn 'X^ 31 The corrosion ra,e •« evaluated by an extrapolation of the 

cathodic and anodic currents to the corrosion potential. 

* Tho C n! ent ° 0rrOSi0n LT* 0 " h3S bee " me3SUred Wi<h unsub stt"ted. undoped polyaniline base. Figure 1 (curve 

a b^'ier to 22121 ' S S " " P ,0 * ^ The f " m adheres weN t0 metal surface and acts as 

c£d« £tt ™ ■ ^ * tanta ^ c current-potential curve loote similar to one obtained on unprotected 

that the film also affects exodus of copper ions. i.e.. the anodic reaction 

n Tl?^ rPriSin9,y ef !^'!f protection is observed with ethoxy substituted non<loped polyaniline base. Figure 1 (curve 
ImSE!E£T" T B . ^f 0 " " NMR ^ Spun 31 Vark3US rpms to ^ filrr^ of different thicknS 
» 'ZSZZiZL T« eSPeCtVe ' y ™ 6 '^.^ very Oogenous and well adherent. Even the thinnestfilm behaved 
™ !2 i XY9en ; SS e,ectroche ™»' data show no current normally attributable to oxygen reduction The 
^SlZ^'T' ° f *° U ' 2X10 " 7 **** iS inde Pendent of film thickness, type of meJ^p7r"silver and 

%JT?T 1 t^Z ° f 1 6 eBKtty POlymer baCkb0ne ' The anodic me tal dissolution, is in all cases 

Safwnet^ 

unproS metSs ( * * iS *»" 4 ° rderS * ma9nitude lower thanmeasuL on 
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Ethoxy substituted polyaniline doped with hydrochloric acid was prepared by spin<Jrying the non^oped ethoxy base 

SffiSfT ° P,n9 ^ diPPin9 1N hydr ° Ch,0riC 3dd The **« ^ has > iconcJucM^SS oZ« 
toth™«pli protect,on is similar to the one offered by the non<fc>ped ethoxy-polyaniline base, except 

of electrons needed ton oxygen reduction. The protection of the f flm is excellent, especially at anodic potentials 
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Water Drop Test II: 

A drop of water is placed across adjacent metal leads. A potential of 5V is then applied across the metal lines and 
Test vehicle for measurement: 

Bare Copper (Cu) 

and SiT*** ' ineS W6re "* 3 1 M ^ aCid ^ ionto ^nati V eoxides.nr«ed with deionized water 

Results are as follows: 
is 3 repeated test measurements: 

16 mils spacings-45 seconds, 48 sees, 51 sees for dendrites to form 
12 mils spacings"39 seconds. 42 sees, 40 sees for dendrite to form 
Copper Lines Treated with Benzotriazole (BTA) Solution 

. ! r ut,on ft 5 " - 1 °) »° r 1n minutes. This results in formation of Cu20 (about 2 nm thick) This is followed hv » water 
"^T^ ,S "T ^ infc> 3 BTA ^ ^ 1 ° minUteS (1 9 * TA/1 liter WtoZZSS? * 8 

25 Ethoxy polyaniline (base or non-conducting form) 

A 10% weight solution in NMP of the ethoxy polyaniline base was used to spin-coat films on wafers with coooer and 
silver. 1 nes(a S descr b edabo TO ). Spinning at 3000 rpnVSOsandso^ 

30 

Water Drop Test After 220oC/30 Minutes Storage 

lJ2SZ!£° m - ' ineS "* 1,16 5159 A eth0Xy - p ° ,yaniline ,i,m M not form «* even after 30 minutes 

35 

Temperature and Humidity Test (85"C, 80% relative humidity) 

thP J? 5 , 159 A thi k ckfilm °' the non^oped polyaniline base coated silver and copper surfaces were tested under 

mils andTe £? n ° ^ ^ a<ter 30 ,he ^ Drap " Test This is b °» for »• ™ 

Temperature/Humidity/Bias Voltage Test 

45 o linlSX l UrT ^l 18 ° 0ntinUa,ly m ° nit0red and feilure is ,,aaoed *™ th * ^'ation resistance reading between the 
2l,nes,s less than IBmegaohms. Test isdone while wafer is inthe oven at 85-C and 80% relative hSZ Tf£££ 

was3voS^^^^ 

was 3 volts and 14 99 volts. The polyaniline coated wafers passed 500 hours and 1000 hours 
^ Ethoxy Polyaniline Doped With Hydrochloric Acid (more highly conducting Form of Polymer 
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Claims 



1 . A composition comprising a thermoset or thermoplastic polymeric matrix, and a conductive filler component, wherein 
sari filler component comprises at least one conducting polymer selected from the group consisting of substituted 
^ ? ttUted P^raP^y^ny'enes, substituted and unsubstituted polyanilines, substituted and unsub- 
stituted polyazmes. substituted and unsubstituted polythiophenes. substituted and unsubstituted pdyparaphen- 
ylenes, substituted and unsubstituted poly-p-phenylene sulfides, substituted and unsubstituted polyfuranes 
substtured and unsubstituted polypyrroles, substituted and unsubstituted polyselenophene, substituted and unsub^ 
stituted polyacetylenes and mixtures thereof; and copolymers thereof; and conductive particles. 

2 " IT^^" ° f daim 1 Wherei " the am0unt * ^ dueling polymer is about 0.3 to about 90% by weight of 
the total of said polymeric matrix. 

3. The composition of claims 1 to 2 wherein the amount of conductive particles is about 40 to about 95% by weight 
based upon the total of said conducting polymer and said polymeric matrix. 

4. The composition of any of the preceding claims 1 to 3 wherein said polymeric matrix comprises at least one polymer 
selected from the group consisting of polyepoxides. polyacrylates. polyaloxanes and polyimides. polymethacrylates 
polyurethanes, polyolefins. and polyamides. 

5. The composition of any of the preceding claims 1 to 4 wherein said particles are silver or copper. 

6. The composition of any of the preceding claims 1 to 4 wherein said conductive particles are precoated with said 
conducting polymer. 

7 ' Th KJT 1f ? Sit ? n ° f a P recedin 9 daims 1 10 6 herein said polymer is a polyaniline, comprising an altoxy 
substituted polyaniline. ' 

8. The composition of any of the preceding claims 1 to 7, wherein said composition is in the form of a paste. 

9. The composition of any of the preceding claims 1 to 8 wherein said conducting polymer has conductivity of about 
10 lOohm icm"i toabout 106ohm-icm - i. 

10. A composite comprising a metal substrate, wherein said metal comprises copper or silver and as a corrosion pro- 
tecting layer on at least one major surface of sad substrate, a composition according to any one of the preceding 
claims 1 to 9. or a layer of a polyaniline, comprising an alkoxy polyaniline or an ethoxy polyaniline. 

1 1. A method for providing electrostatic discharge protection or electromagnetic interference shielding by applying the 
composition of any of the preceding claims 1 to 9. 
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